INTRODUCTION
Differentiating delayed presentations of acetaminophen toxicity from rhabdomyolysis can be difficult for many reasons. First, both rhabdomyolysis and acetaminophen toxicity can be associated with increased aspartate aminotransferase (AST) and alanine aminotransferase (ALT) values.
1,2 Second, though patients may go on to develop hepatotoxicity from acetaminophen, their serum acetaminophen concentrations may be low or undetectable because of a delay between ingestion and hospital presentation. Lastly, patients with these conditions can be found in an unconscious state and may be able to provide little or no clinical history. Medical toxicologists and poison centers are frequently consulted with the question of whether the transaminase elevations could be due to delayed acetaminophen toxicity and if treatment with N-acetylcysteine (NAC) is required.
No common clinical tool or laboratory test can be used to help differentiate the transaminase elevation of acetaminophen toxicity from that of rhabdomyolysis. Investigators have evaluated measurement of gamma-glutamyltransferase, isoforms of ALT, and acetaminophen adducts for this purpose, but these are impractical or not routinely available in clinical practice. [3] [4] [5] [6] Many physicians rely on their clinical experience in differentiating between these two conditions, whereas others treat all patients with possible acetaminophen toxicity with NAC in order to avoid possible hepatic injury.
2 Given the lack of specific findings on examination or data-driven guidance from the literature, both practices are reasonable.
Since there are no objective measures to determine whether a transaminase elevation is from a delayed acetaminophen overdose or from rhabdomyolysis, we sought to determine if the relative values of ALT, AST and creatine kinase (CK) could be used for this purpose. We hypothesized that the ratios of AST/ALT, CK/AST, and CK/ALT would be higher in patients with rhabdomyolysis than in patients with acetaminophen toxicity.
METHODS
We performed a multi-center, retrospective chart review of admitted patients seen at four tertiary care, university hospitals, including one children's hospital, from January 2006 to October 2011. We obtained electronic medical records (EMR) on all patients with the discharge diagnosis of rhabdomyolysis or acetaminophen overdose. Subjects were included if they had a discharge diagnosis of acetaminophen overdose or rhabdomyolysis and age ≥ 10 years. Data on those patients were extracted from the EMR, de-identified, and then evaluated for inclusion and exclusion criteria by two authors (JR and DA). The data extracted included age, sex, diagnosis, and laboratory values including AST, ALT, and CK. We excluded subjects if laboratory data were incomplete (CK, AST, or ALT values missing), or if the subject was a prisoner or pregnant. Children less than 10 years old were also excluded because the children's hospital provided care for neuromuscular diseases, inborn errors of metabolism, and other genetic diseases that might have caused transaminase elevations for reasons other than rhabdomyolysis. The concentrations used for CK, AST, and ALT were the values on presentation, as these would likely be the results used to determine whether or not NAC is indicated for possible acetaminophen toxicity.
We abstracted data from the EMRs and entered them into an Excel spreadsheet (Microsoft Corp, Redmond, Washington, USA). The data were analyzed by the use of R © (The R Foundation for Statistical Computing, version 3.1.1). We categorized the patients into three groups for analysis based on discharge diagnosis (based on ICD-9 coding by hospital coders): rhabdomyolysis, acetaminophen overdose (all), and acetaminophen overdose (delayed). The acetaminophen group was broken into two separate groups because we are most interested in differentiating between cases of rhabdomyolysis and patients with a delayed presentation of acetaminophen overdose with an undetectable acetaminophen level. The acetaminophen (all) group included all patients who had a discharge diagnosis of acetaminophen overdose, regardless of initial acetaminophen concentration. The acetaminophen
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Differentiating Delayed Acetaminophen Overdose from Rhabdomyolysis (delayed) group only included those who had a discharge diagnosis of acetaminophen overdose, but had an undetectable acetaminophen level on admission. The primary outcome measures were the ratios of AST to ALT, CK to AST, and CK to ALT. We tested data normality with the Shapiro-Wilk test. Because all data were non-parametric, we used the Kruskall-Wallis test to determine if there were differences between groups; when differences were present, we performed pairwise testing by use of the Mann-Whitney-Wilcox test with a Bonferroni correction for multiple-hypothesis testing.
In all cases, a p-value of <0.05 was considered statistically significant. We also analyzed the sensitivity, specificity, positive likelihood, and negative likelihood ratio of various CK/AST and CK/ALT ratio cutoffs as a test to differentiate between rhabdomyolysis cases and acetaminophen overdose cases (both acute and chronic). The study was approved by the institutional review board of each participating hospital, with approval for data to be shared and coordinated through the University of California, Davis.
RESULTS
We identified 1,353 subjects with rhabdomyolysis or acetaminophen overdose. A majority in each group were excluded from statistical analysis due to missing laboratory data needed to calculate one or more of the ratios. Excluding those with incomplete data resulted in 160 in the rhabdomyolysis group, 68 in the acetaminophen overdose (all) group, and 29 in the acetaminophen overdose (delayed) group.
Patient demographics and the ratios of AST to ALT, CK to AST, and CK to ALT along with the results of the Kruskall-Wallis comparisons are summarized in Table  1 . There was a statistically significant difference in the AST/ALT ratio between the rhabdomyolysis group and the two acetaminophen overdose groups (p=0.018 for acetaminophen (all) and p=0.037 for acetaminophen (delayed). There was no difference between the two acetaminophen groups (p=1.00). Medians and interquartile ranges (IQR) are demonstrated in Figure 1 . (Figure 2, p<0.001 ). Pairwise comparisons revealed statistically significant differences between the rhabdomyolysis group and the acetaminophen overdose (all) group (p<0.001), as well as the rhabdomyolysis and the acetaminophen overdose (delayed) group (p<0.001). There was no statistical difference in the CK/AST ratio between the two acetaminophen-overdose groups (p=1.00).
The CK/ALT ratios for the rhabdomyolysis, acetaminophen overdose (all), and acetaminophen overdose (delayed) groups were 37.1 (IQR 16.1-80.0), 5.77 (2.79-25.2), and 5.03 (2.20-17.4) respectively (Figure 3, p<0.001) . Pairwise comparisons revealed statistically significant differences between the rhabdomyolysis group and the acetaminophen overdose (all) group (p<0.001), as well as the rhabdomyolysis and the acetaminophen overdose (acetaminophen negative) group (p<0.001). There was no statistical difference in the CK/ALT ratio between the two acetaminophen overdose groups (p=1.00).
The test characteristics for different CK-to-transaminase ratios are presented in Table 2 (with ratios below the cutoff designated as positive for acetaminophen overdose). Increasing the ratio cutoff resulted in improved sensitivity but markedly reduced specificity.
DISCUSSION
Measurements of AST and ALT and their relationship with CK would seem to be useful in helping to differentiate rhabdomyolysis from delayed acetaminophen toxicity. AST and ALT are enzymes that play many vital roles, including amino acid metabolism and gluconeogenesis. 7 ALT is found predominantly in the liver, but is also present in skeletal and heart muscle. AST is found more widely throughout the body including the heart, brain, skeletal muscle, and liver. 8 Despite the wide distribution of these enzymes, clinically they are used mainly as markers of hepatic injury, when they are thought to "leak out" of damaged cells into the blood. 9 Since AST and ALT are present throughout the body, they may be elevated in conditions not involving the liver; and indeed both AST and ALT can be elevated in rhabdomyolysis in the absence of liver injury.
10
In the search for the cause of abnormally elevated transaminases, serum CK is often measured. The biological role of CK is that of catalyzing the phosphorylation of creatine, thus producing phosphocreatine. Phosphocreatine, in turn, rapidly produces ATP in tissues that have high energy demand.
11 CK is predominantly located in skeletal muscle, myocardium, and the brain, and serum CK values can be elevated and used as a marker of injury to these organs. 8 Although CK is present in the liver, its concentration in hepatic tissues is significantly lower than in other tissues.
8,12
The results of this study support our hypothesis that the ratios of AST/ALT, CK/AST and CK/ALT would be
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Differentiating Delayed Acetaminophen Overdose from Rhabdomyolysis higher in patients with rhabdomyolysis than in patients with acetaminophen toxicity. This observation may be useful in differentiating patients with rhabdomyolysis from those who otherwise might be considered candidates for treatment with NAC for possible delayed acetaminophen poisoning. Avoiding the unnecessary treatment of patients with NAC, and possibly longer hospital length of stay, could reduce the cost of care. Additionally, our finding of a higher ratio of CK to ALT than that of CK to AST is consistent with the tissue distribution of these enzymes; that is, higher values for AST than for ALT are more likely in rhabdomyolysis because the concentrations of AST in skeletal muscle are higher than those of ALT.
8
Besides possible cost savings, it is important to minimize risk of exposure to unnecessary medications for our patients. Although NAC is generally safe, anaphylactoid reactions, sometimes resulting in death, have been reported with intravenous (IV) administration. 13 Deaths have also been attributed to iatrogenic errors with IV formulations of NAC. 13, 14 In patients with rhabdomyolysis, taking the risk of an iatrogenic complication from NAC may not be warranted. 15, 16 Our data suggest higher CK/AST or CK/ALT ratios are more likely to be seen with rhabdomyolysis than acetaminophen ingestion. This is not to say that the ratio can be used in a vacuum to differentiate patients with rhabdomyolysis from those with acetaminophen toxicity. Instead, it would ideally be used in those patients for whom there is an already-low likelihood of acetaminophen toxicity that cannot be excluded due to a limited history.
LIMITATIONS
Our study has several limitations. First, it is retrospective, with the inherent shortcomings associated with this study design. Second, patient-selection bias could be present because the majority of the patients in each group were excluded because of missing laboratory data; in the cases of acetaminophen overdose, the CK values often were absent, likely because CK is not a routinely ordered lab test on patients who have suspected overdose. Third, the discharge diagnoses may not have always been accurate, and coding errors may have existed that resulted in patient misclassification. We also did not verify each of the discharge diagnoses. Finally, the values of AST, ALT, and resulting ratios could have been different depending on when they were drawn in the course of a patient's toxicity, as AST and ALT concentrations rise and fall at different rates.
17

CONCLUSION
In summary, we found the AST/ALT, CK/AST, and CK/ALT ratios were significantly higher in patients with rhabdomyolysis than in patients with acetaminophen toxicity. This result suggests that the ratios could be used to identify patients with rhabdomyolysis who otherwise might have been diagnosed as delayed acetaminophen toxicity. Such patients may not require hospitalization and treatment with N-acetylcysteine, resulting in considerable cost savings and decreased resource utilization. Based on the limitations of our study, however, these ratios are not ready for clinical use. Prospective validation of our findings in a diverse patient population is needed before these ratios can be applied in regular clinical practice. 
